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Abstract 



We study the time evolution and decay of the neutral 5-meson system 
using quantum dynamical semigroups. New, nonstandard terms appear 
in the expression of relevant observables; they can be parametrized in 
terms of six phenomenological constants. Although very small, these 
parameters may be detected in the new generation of dedicated S-meson 
experiments. 
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Dynamics that extend the time evolution predicted by ordinary quantum mechanics 
have been studied in various physical phenomena. Typical examples are the open quantum 
systems, represented as small subsystems in interaction with large environments. Although 
the total system is closed and its time evolution is standard and unitary, the dynamics 
of the subsystem, obtained by eliminating the environment degrees of freedom, develops 
dissipation and irreversibility. 

Assuming the interaction between subsystem and environment to be "weak" , a condi- 
tion met in most physical situations, the sub-dynamics can be given a precise mathematical 
description in terms of the so-called quantum dynamical semigroups. These are entropy- 
increasing, linear maps that transform density matrices into density matrices (i.e. state 
into states), with forward in time composition law (semigroup property), that satisfy the 
condition of complete positivity. [1-3] 

This description is very general; although developed in the framework of quantum 
optics, [4-6] it has been successfully applied to model a large variety of different physical 
situations. In particular, quantum dynamical semigroups have been used in the study of 
unstable systems. [7-9] It is therefore natural to look for signals of induced dissipative effects 
in the dynamics and decay of elementary particles. Indeed, general considerations based on 
quantum gravity effects [10-15] and the dynamics of extended objects [16, 17] suggests that 
completely positive time evolutions can be expected in the description of many particle 
physics phenomena, as the result of the interaction with a "stringy" environment. 

In this respect, particularly suitable for the analysis of dissipative, non-standard phe- 
nomena are neutron interferometers [11, 18] and systems of neutral mesons. [19-24] Detailed 
study of the K^-K^ system using quantum dynamical semigroups has been performed, in 
the case of both single and correlated kaons; [21-24] the outcome of these investigations is 
that the dissipative contribution in the extended dynamics could be in the reach of the 
next generation of kaon experiments. 

In the following, we shall devote our attention to the B^-B^ system and analyze 
its time-evolution using a similar approach. Dedicated S-meson experiments are now 
collecting data, so that it appears timely to discuss possible signals of dissipative effects 
in the observables these experiments will measure. 

We shall study semileptonic decays of both single and correlated neutral S-mesons 
and show that certain combinations of observables directly accessible to the experiment 
are particularly sensitive to the dissipative effects, quite independently from the values 
of the other standard CP and CPT violating phenomenological parameters.''" Although 
more complete studies, that include precise analysis of acceptance and eflficiency of the 
various detectors, are certainly necessary, our investigation suggests that future S-meson 
experiments should be able to put stringent limits on the parameters that describe non- 
standard, dissipative phenomena. 

As in the case of the K^-K^ system, the evolution and decay of the neutral S-meson 
system can be effectively modelled by means of a two-dimensional Hilbert space. (We 
shall limit our discussion to the S;^- mesons, although most discussions below apply to the 

^ For recent studies on possible violations of the CPT symmetry in S-decays, see [25-28] 
and references therein. 
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Sg-mesons as well.) The states of this system will be described by a density matrix p. In 
the basis it can be written as: 



Pi P3 
Pa P2 



(1) 



where p4 = pg, and * signifies complex conjugation. 

The evolution in time of this matrix can be described quite in general by an equation 
of the following form: 

^-M = -iH p{t) + ip{t) + L[p]. (2) 

The first two pieces in the r.h.s. give the standard hamiltonian contribution, while L is a 
linear map that encodes possible dissipative, non-standard effects. 

The effective hamiltonian H includes a non-hermitian part, H = M — ^F, that char- 
acterizes the natural width of the states. The entries of H can be expressed in terms of 
its eigenvalues: A5 = ms — fTs, Xl = wi, — f7L, and the two complex parameters es, cl, 
appearing in the corresponding eigenstates. 




(3) 



We use here a notation that follows the conventions adopted for the neutral kaon sys- 
tem. [25] The two states in (3) are expected to have a negligible width difference, 

Ar«r, Ar = 7s-7L, r = ^^^±^, (4) 

so that they are more conveniently distinguished via their mass difference. Am = rriL — ms, 
rather than their different lifetimes. The notation |-Bl), for the light meson, and \Bh), for 
the heavy partner are therefore sometimes used instead of those in (3). 

The form of the additional piece L[p] in (2) is fixed by the physical requirements 
that the complete time-evolution, 7^ : p(0) 1— > p{t), needs to satisfy. Generally, the one 
parameter (=time) family of linear maps 7t should transform density matrices into den- 
sity matrices and have the properties of increasing the entropy, of obeying the semigroup 
composition law, 7f[p(t')] — + ^')^ ^7 ^' — of preserving the positivity of p{t) for 
all times. Actually, for the physical consistency of the formalism, in the case of correlated 
systems, one has to demand that the time evolution 7^ be completely positive. [24] 

With these requirements, the linear map L[p] can be parametrized in terms of six 
real constants. To write it down explicitly, one expands the density matrix p in terms of 
Pauli matrices a^, i = 1,2,3, and the unit matrix ctq: p = p^cr^, = 0, 1, 2, 3; then, the 
map L can be represented by a symmetric 4x4 matrix \Lnu\ , acting on the vector with 
components (po, Pi, P2, Ps)- Explicitly one finds: [21] 



[L^A = -2 
















a 


b 


c 





b 


a 


P 


\0 


c 


P 


1) 



(5) 
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with a, a and 7 non-negative. The parameters a, b, c, a, and 7 are not all independent; 
to assure the complete positivity of the time-evolution generated by (2), they have to 
satisfy certain inequalities (for details, see [21, 23]). 

Physical observables of the neutral S-meson system can be obtained from the density 
matrix p{t) obeying (2) by taking its trace with suitable hermitian operators. In order 
to study the time evolution of these observables, one has to solve the equation (2) for an 
arbitrary initial state p(0). 

Rough dimensional estimates based on phenomenological considerations predict the 
non-standard parameters to be very small, at most of order m\/Mp pa 10~^^ GeV, where 
TUB is the B-meson mass and Mp is Planck's mass. [19-21] The piece L[p] in (2) can then 
be treated as a perturbation. Furthermore, to simplify the computations, we shall work 
in a phase convention for the states l-B*^), such that the CP violation induced by 

the effective hamiltonian H is small, of order 10~^ (in practice, this amounts assuming 
Xm(e5 + e/,) to be of the same order of magnitude). As a consequence, possible T and CPT 
violating effects in H are also small. [25, 27] With this phase choice, the quantities 65 AF 
and e^AF turn out to be roughly of the same order of magnitude of the non-standard 
parameters a, 6, c, a, /?, and 7. The use of perturbation theory in all these quantities is 
therefore justified. 

It should be noticed that the above phase choice differs from the phase convention 
usually adopted in the Standard Model for the study of the B^^-B*^ system (which implies 
a sizable imaginary part for the combination es + ^l)- In the present work, we focus our 
attention on the dissipative part L[p\ of the evolution equation (2), parametrized as in (5) 
in terms of a, 6, c, a, /3, and 7. Since the map L is linear, these parameters, being small in 
one phase convention, remain small in any other phase choice. Therefore, for our purposes, 
the rather unusual phase convention adopted in the following^ does not affect in any way 
the generality of our discussion. 

As mentioned in the introductory remarks, we shall limit our analysis to the study of 
semileptonic decays h£u of the neutral S-mcson system, where h stands for any allowed 
charged hadronic state. We shall be as general as possible, and include in our discussion 
possible violations of the AB — AQ rule. The amplitudes for the decay of a B^ or B^ state 
into h~£'^v and h'^£~P can then be parametrized in terms of three complex constants, Xh, 
Uh and Zh, as follows: 

Mh{l-yh), (6a) 

MUi^yl) , (66) 

ZhA{BO ^ h+Tu) , (6c) 
XhA{B^ ^ h-e+iy) , {6d) 

where A4h is a common factor. (Sometimes, [31] Xh = zj^ is used instead of Zh-) The 
AB — AQ rule requires x^ — Zh— 0, while CPT-invariance, — 0. 



^ Note that precisely this phase convention has been used to present some measured 
data by the OPAL CoUaboration [29, 30]. 



A{B^ h-e+u) = 

A(B^ h+i-u) = 

A{B^ h+ru) = 

AlW h'tv) = 



4 



The hermitian operators that describe these semileptonic decays can be easily obtained 
from (6); exphcitly, in the basis, one gets: 



\Mh? 



1 - yh\ 



1 



X 



h \^h\ 



\Mh\ 



\ZhV 

Zh 



1 



(7) 



The quantities Xh, Uh and Zh arc expected to be very small; therefore, in the following 
we shall treat them as the other small parameters in the theory. In the computation of 
semileptonic observables below, we shall keep only first order terms in all these parameters; 
this approximation turns out to be more than adequate for our considerations. 

We shall first study observables connected to the time-evolution and decay of a single, 
uncorrelated B^-B^ system, that can be typically measured at colliders. Let us indicate 
with pBo{t), Psoit) the time evolution according to (2) of a state that is initially a pure 
meson, described by the density matrices: 



1 





1 



(8) 



The probability rate that an initial p^O: Pbo state decays at time t into a given semileptonic 
state Mv described by one of the operators in (7) is then given by: 



Vh{B'';t) = TY[pBo{t)Oh] , Vh{BO;t) = TT[pBo{t)Oh] 



(9) 



In writing down the explicit form of the probabilities V, it is convenient to introduce the 
new variable t = tV; m practice, r expresses the time variable in units of the B lifetime. 
It is also customary to define the two combinations:''' 



Am 



u> 



2T 



(10) 



Although not directly measured, 5 is expected to be very small, 5 < 10~^, while the most 
recent data give: u = 0.734 ± 0.035. [32] In discussing B^-B'^ observables, one often takes 
the simplified assumption 6 — 0; in the following, we shall keep d nonvanishing, unless 
explicitly stated. 

Up to first order in all small parameters, the probabilities (9), apart from an overall 
exponential decay, have oscillatory behaviour modulated by u and exponential behaviour 
dictated by 6: 



\Mh? 



cos LOT 



+ sin OJT 



2 7^e(es + e^) - 2 ne{yh) - e'^^"^)" 
45 



2Im{zh) + 



;Im{C) - ne{B) 



^ They are usually called xb and j/s, respectively; we do not use these labels to avoid 
confusion with the parameters introduced in (6). 
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n-(5°;T) = 



\Mh\ 



+ cosh St 

— sinh St 

— cos UJT 

— sin LOT 
+ cosh St 

— sinh 5t 



l-2ne{es + eL) + 2ne{yh) 

Xm(C)] } , 

45 



, , D 4a; 



(lla) 



7^e(C) 



52 + ^2 

2Xm{es - sl) + 2Im{xh) - ne{B) 



l-2ne{yh) + 



4S 



S'^ +LJ' 



,ne{C) 



2ne{es - sl) + 2 7^e(a;/,) - j]} , 



(116) 



where the convenient shorthand notations have been used: 

a + a „ a — a + 2ih ^ c + il3 



A 



B 



Am 



C 



D=l 



(12) 



the expressions for Vh+ {B^', ^) and V^,- {B^; r) are obtained from (116) and (lla) by chang- 
ing the sign of €5, sl, yh, C and exchanging Xh and Zh- 

The decay rates V can be observed at colhders; in particular, the analysis reported in 
Ref. [29] for the standard case can surely be repeated with the extended expressions above. 
Nevertheless, it is more convenient to construct specific asymmetries by taking suitable 
combinations of the T^'s. Two independent asymmetries that can then be constructed are: 



Arir) = 
AcpT{r) 



Vy,-{B^T)-VnAB^-T) 

_ Vh+(B^,T)-Vh-{B'';r) 
Vh+{B^-,T)+Vh-{B^-.T) 



(13a) 
(136) 



The first one signals the violation of time reversal by measuring the rate difference between 
the process S° — > B^ and its time-conjugate B^ — > while the second asymmetry is 
sensitive to CPT violating effects, by comparing the rate difference between the process 
B^ B^ and its CPT-conjugate B^ B^. Using the expressions for the probabilities V 
given before, one explicitly finds (for r not too small, in the case of the first asymmetry): 



At{t) = 2 TZe{es + e^) + 2 TZeiyh) 

1 

+ 



cosh St — cos UT 



+ sinh St TZe{zh - x^) + 



sinwrj Xm{xh — Zh) - 
ImiC)] 



1 () 



(J2 -Ha;2' 



(14a) 



AcPT{r) ^ 2ne{yh) - 



AS ( cosh St — cos lot 



S"^ cosh St -\- cos ujt ) 



6 



+ 



1 



sina;T( 2Xm{es - cl) -\-1m{xh - z^] 



cosh 5t + cos UT 
+ sinh 5t I 2 7?.e(e5 - e^) + 7?.e(a;;i - Zh) 



(146) 



Other independent asymmetries can be constructed with the semileptonic decay rates 
V; they all involve the non-standard parameter C besides 65, e^, Xh, Vh, Zh- Therefore, 
by fitting the experimental data with the explicit expression of all these asymmetries one 
should be able to extract estimates for C. Unfortunately, as apparent from (14), C is always 
accompanied by a factor 5, so that its dependence is further suppressed with respect to 
the other small parameters. In particular, the approximation 5 would completely 
eliminate the presence of this parameter from (14). The asymmetries At and Aqpt (and 
analogue ones) are therefore not suitable for identifying dissipative effects; instead, they 
can be used to obtain estimates on some combinations of the conventional CP and CPT 
violating parameters also in presence of dissipative phenomena. 

Nevertheless, one can construct more complicated combinations of the semileptonic 
probability rates V, which are particularly sensitive to the non-standard parameters. One 
illuminating example is given by: 



^ . . ^ [n- (B'; r) - r^- {B^r)] - [n+ (^°; r) - 7^,+ (g"; r)] 
^"^^^^ Vn- (SO; r) + Vu- (5°; r) + n+ (5°; r) + 7^,+ (5°; r) 

In the approximation 5 pa 0, it assumes a very simple form: 

^Am(''") = e~^'^ cosa;T-|- sm.ujT\jZe{B) —Im{xh + z^)] . 



(15) 



(16) 



Thanks to the different time-behaviour, a measure of AAm allows, at least in principle, a 
determination of the parameter A and of the combination TZe{B) —Xm{xh + Zh)', assuming 
the validity of the AB = AQ rule, via the definitions in (12), one can then obtain an 
estimate of the two dissipative parameters a and a. The actual accuracy of such a deter- 
mination highly depends on the sensitivity of the measure of AAm- Although a specific 
discussion on this point is surely beyond the scope of the present work, simulations pre- 
sented in [25] in the case of similar observables suggest that the accuracy on the measure 
of (15) at present colliders can be estimated in about ten percent; this sensitivity is already 
enough to give interesting bounds on a and a. However, future dedicated S-experiments 
can greatly improve these estimates. 

Other useful asymmetries can be obtained by considering time-integrated rates: 



Vh{B) = ^ dTVh{B-T) . 



(17) 



Using again a combination analogous to the one in (15), one gets, in the same approxima- 
tion: 



(a;2 - l)A-2u'^D 



(18) 
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Assuming again the AS = AQ rule, a measure of A'^^ (1 + a;^) not compatible with 1 
would clearly signal the presence of non-standard effects; this is surely the most simple 
check on the extended dynamics given by (2) that can be performed at colliders, using 
semileptonic decays. 

Further insights on the dissipative phenomena described by the non-standard time 
evolution generated by (2) can be obtained from experiments at the so-called -B-factories; 
indeed, correlated B^-B^ systems look particularly suitable for studying phenomena in- 
volving loss of quantum coherence. In those set-ups, correlated B^-B^ mesons are produced 
from the decay of the T(45') resonance. Since the T-meson has spin 1, its decay into two 
spinless bosons produces an antisymmetric spatial state. In the T rest frame, the two 
neutral S- mesons are produced flying apart with opposite momenta; in the basis \B^), 
the resulting state can be described by: 



\B^,p) - \B^,-p) ® \B^,p)^ 



(19) 



The corresponding density operator is a 4 x 4 matrix that can be conveniently written 
in terms of single kaon projectors: 



1 




P2 = \B0){B0\ 



and the off-diagonal operators 



\B'){BO\=(^\ 



wT, / 1 





P^ = \B^){B'^\ = 




1 





1 



(20a) 



(206) 



Explicitly, one finds: 



PA 



1 r 
2 



Pi®P2 + P2®Pi - Ps^Pa - Pa®Ps 



(21) 



The time evolution of a system of two correlated neutral P-mesons, initially described 
by Pa, can be analyzed using the single P-meson dynamics previously discussed. In study- 
ing the time evolution of pA, we shall assume that, once produced in a T decay, the kaons 
evolve in time each according to the completely positive map 7^ generated by (2). This 
assures the positivity of the eigenvalues of any physical states at all times. [24] 

Within this framework, the density matrix that describes a situation in which the first 
P-meson has evolved up to proper time ti and the second up to proper time ^2 is given 
by: 



pAihM) = (7*1 ®7t2)M 

= l\Pl{tl) ® P2{t2) + P2{tl) (E) Pl{t2) - Psih) (E) P4{t2) - P4{tl) P3{t2) 



(22) 



where Pi(ti) and Pi{t2), i = 1,2, 3, 4, represent the evolution according to (2) of the initial 
operators (20), up to the time ti and t2, respectively. 
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The typical observables that can be studied with correlated mesons systems are double 
decay rates, i.e. the probabilities ^(/i, ti; /2, ^2) that a meson decays into a final state fi 
at proper time ti, while the other meson decays into the final state /2 at proper time ^2- 
They can be computed using: 



(23) 



where O/^, Of^ represent 2x2 hermitian matrices describing the decay of a single meson 
into the final states /i, /2, respectively. For the purpose of the present note, that deals 
with semileptonic decays, they can be identified with one of the matrices in (7). 

Unfortunately, the S-mesons decay too quickly to allow in general a precise enough 
measure of the double decay rates in (23). Therefore, much of the analysis at S- factories 
is carried out using integrated distributions at fixed time interval t — ti — ^2- One then 
deals with single-time distributions, defined by 



/■oo 

r(/i,/2;t)= / dt'g{h,t' + t-j2,t') , 

Jo 



where t is taken to be positive. For negative t, one defines: 



r(/i,/2; 



Jo 



dt'g{h,t'-\t\-f2,t') e{t'-\t\); 



(24) 



(25) 



the presence of the step-function is necessary since the evolution is of semigroup type, with 
forward in time propagation, starting from zero (we can not propagate a kaon before it is 
created in a T-decay). In this case, one easily finds: /^(/i,/2; — 1^|) = r{f2,fi; \t\). In the 
following, we shall always assume: t > 0. 

The dynamics generated by (2) gives results for the double probabilities r{f2, fi]t) 
that substantially differ from the ones obtained using ordinary quantum mechanics. The 
most striking difference arises when the final states coincide fi — f2 = f and t becomes 
small. Due to the antisymmetry of the initial state pA in (21), quantum mechanics predicts 
a vanishing value for i^(/, /;0), while in general this is not the case for the completely 
positive dynamics generated by (2). The quantities r(/, /; 0) are therefore very sensitive 
to the dissipative parameters a, b, c, a, (3 and 7. 

Indeed, in the case of semileptonic final states, neglecting higher order terms in 5 
multiplying small parameters, one finds: 



1 + a;2 



ne{B) - ujXm{B) 



± 



85 



(4 + a;2)2 



(4 - cc;^) 7^e(C) + AujXm{C) 



(26) 



It turns out that also the remaining two semileptonic probabilities at t 
on the non-standard parameters: 



depend only 



r(/i±,/iT;0) 



\Mh\ 

sr 



2{1 + D)-A + 



1 + uj' 



ne{B) - ujXm{B) 



(27) 
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More in general, one can study the explicit time-dependence of various semileptonic asym- 
metries that can be constructed out of the integrated probabilities (24). Using again the 
variable t — tF, the analogous of the asymmetry (13a), 



r{h-,h-;T)-r{h+,h+;T) 



r{h+,h-;T) + r{h-,h+;T) ' 
takes the following explicit expression (up to first order in 5 and for r not too large): 
2 



(28) 



1 + cos UJT 

25 

(4 + a;2)2 



I [ne{es + sl) - 2ne{yh)] (1 - cosa;T) 
[(a;2 - 4) TZe{C) - 4u;Im{C)] (1 + cosa;T) 



-^[{A + 3uj^)Im{C) -u^TZeiC)] sin out - + [une{C) - 2Im{C)]T 

(29) 

Here again one notices the suppression of the C-dependence by a factor 5 with respect 
to the other small parameters: it is therefore difficult to extract informations about C by 
fitting (29) with the experimental data. However, as r becomes small, the expression for 
At simplifies; in particular, as already noted, the dependence on e^, and disappear: 



^t(O) = 



A5 



(4 + a;2)2 



(a;^ - 4) ne{C) -4ujIm{C) 



(30) 



A non- vanishing measure of At{0) would therefore provide evidence for C. 
Similarly, in the case of the combination 



Bir) 



r{h+,h+;T)+r{h-,h-;T) 



r{h+,h+;T) + r{h+,h-;T) ' 
one finds, neglecting terms proportional to S times C in the denominator, 

A 



i3(0) = 



1 + D ' 



where 



A = A + 



CO 



[ujIm{B) - ne{B)] . 



(31) 



(32) 



(33) 



1 + 

This combination of non-standard parameters appears also in the study of the asymmetry 
AAm{T)i analogous to the one in (15) for single- meson systems: 

[rih+, h+;r)+ rih-,h-;T)] - [r{h+, h-;T) + r(/i-, /i+; r)] 
^AmlTj r{h+,h+;T)+r{h-,h-;T) + r{h+,h-;T) + r{h-,h+;T) ' 

It takes a very simple form (we neglect terms containing S times small parameters): 

Tie [B{i - u)e'^^] 



AAm{r)= A{l + T)+Im{B)-l 

10 



cos OJT + 



l + a;2 



(35) 



so that, 

^Am(0) = A-l. (36) 

Once the combination A is measured via (36), one can deduce the value of D from (32) 
and a measure of -B(0). Further, by fitting experimental data with (35), from the different 
time behaviours one can extract A and the combination ujXm{B) — TZe{B). 

The asymmetry in (34) will be accurately measured at the S-factories, since it is 
used to obtain a precise determination of the mass difference Am. [33, 34] An indepen- 
dent analysis of the form (35) of Aatu is certainly needed in order to estimate precisely 
the sensitivity of those experiments to the dissipative parameters A and the combination 
u)Xm{B) — TZe{B). However, from the discussion in [33] and the simulations presented 
in [27], in which a simplified version of the extended dynamics (2), (5) is used, one can 
reasonably expect that the actual measured data will at the end constrain the dissipative 
terms, as well as the standard CP and CPT violating parameters, to a few percent level. 
This would allow to establish significant limits on the presence of dissipative effects in the 
B^-W system. 

Time- independent probabilities can further be obtained by integrating the rates F: 



r) ; (37) 



this procedure gives the full rate for the double B-meson decay into the final states /i and 
/2. Out of these quantities, one can form total dileptonic asymmetries: 

_ r{h-,h-)-r{h+,h+) _ r{h+,h-)-r{h-,h+) 

" r{h+, h+) + r{h-,h-) ' -^'^ ~ r{h+, h+) + r{h-,h-) ' ^ ^ 

Unfortunately, these quantities, that are measured at S-factories, arc not sensitive to the 
non-standard parameters, because of the suppression by factors S. For example, one has 
(to first order in 5): 

46 

Au = 2 ne{es + e^) - 4 ne{yh) - ^ ne{C) . (39) 

Instead, the asymmetries (38) can be used with confidence to constrain standard CP and 
CPT violating effects, even in presence of dissipative phenomena. [33, 34] 

More useful observables for identifying the presence of the extra, non-standard pa- 
rameters are the total B^-B^ mixing probability: 

= r{h+,h+) + nh-,h-) 

r{h+,h+) + r(h-,h-) + r(h+,h-) + r(h-,h+) ' ^ ^ 

and the ratio of the total, same-sign to opposite-sign semileptonic rates: 

_ rih+,h+) + r{h-,h-) 
^ r{h+,h-) + r{h-,h+) ' ^ ^ 
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They can both be expressed in terms of the following combination of dissipative, non- 
standard parameters: 



(42) 



in fact, one explicitly finds: 

,2 



Xb = 



2(l+a;2) 



1 + 



a;2(l + a;2) 



X 



Rb = 



2 + 00' 



1 + 



a;2(2+a;2) 



X 



(43) 



It should be stressed that while the dependence of xs and Rb on the standard CP and 
CPT violating parameters is at most quadratic, [26] the extra parameters responsible for 
possible dissipative extensions of quantum mechanics appear linearly in (43), via the com- 
bination (42). Therefore, these two observables are particularly suitable for checking the 
presence of a non- vanishing value for the combination X. Their measure provide two sep- 
arate estimates for this quantity; instead, in ordinary quantum mechanics X = 0, thus xb 
and Rb are not independent. 

Unfortunately, so far both quantities in (43) have not been measured with great ac- 
curacy; Xb is the better determined parameter and the most recent data give: xb ~ 
0.156 ± 0.024. [32] Using this value and the already quoted one for a;, from (43) one gets 
the result: X = (—4.5 ± 6.3) x 10~^. In order to obtain estimates for the non-standard 
parameters in (5), one needs measurements of other independent quantities besides X, 
involving not only semileptonic final decay states. However, when a — 0,[18] the form 
(5) of the extra piece in the equation (2) simplifies, since complete positivity implies: 
a = 7 and h = c = (3 = 0. In such a case, the previous result for X gives a direct esti- 
mate of the surviving parameter a. Assimilating l/F to the lifetime, one finally gets: 
a = (—3.5 ± 4.9) X 10~^^ GeV. The accuracy on the determination of X will be greatly 
improved by the measurements at the S-factories. Indeed, preliminary estimates of about 
one percent sensitivity to Rb have been reported to be attainable in [27], while a conserva- 
tive estimate of two percent accuracy in the measure of xs is indicated in [28]. If confirmed 
by the actual data, these sensitivities will allow a determination of the combination X with 
about ten percent accuracy. 

In conclusion, we have examined possible signals of the presence of dissipative, non- 
standard dynamics in the evolution of the B'^-B^ system. Various observables involving 
semileptonic decays have been identified as being particularly sensitive to the dissipative 
effects; these observables will be measured with great accuracy in the new generation of 
dedicated S-experiments (BaBar, Belle, CLEO-III, LHC-6). These new measurements, 
besides being crucial for the confirmation of the standard model theory of CP violation, 
could very well provide clear evidence for phenomena that go beyond ordinary quantum 
mechanics. 
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